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TECHNICAL NOTE NO . 111-41 

COMPARISON OP THE CONIROL-FORCE CHARACTERISTICS 
OF TWO TYPES OF LATERAL-CONTROL 
SYSTEM FOR LARGE AIRPLANES 
By Owen J. Deters 

STM4ARY ■ 


An analysis of wind-tunnel data for two types of lateral - 
control system for large airplanSs was made to determine the 
control -force characteristics and rolliaig effectiveness of each 
system. The two types of lateral-control system are a spring-tab 
aileron and a combination spoiler and guide or pilot-aileron 
arrangement. Two configurations of the spring- tab aileron were 
examined: one with ailerons interconnected and a central spring 

unit and one '^ilth ailerons not Interconnected and separate spring 
units for each aileron. In addition, for the configuration with 
ailerons interconnected, the geared spring tab as well as the 
ordinary ungeared spring tab was considered. Similarly, two con- 
figurations of the spoiler pilot-aileron control system were 
considered; one in which the complete spoiler was employed and 
one in which the outboard segments directly in front of the pilot 
aileron were removed. 

•A comparison of the control-force characteristics of the 
spring-tab control system and the .spoiler pilot-aileron control 
system indicated, in general, that at high speeds the spring- tab 
aileron would provide slijs^tly greater rolling effectiveness for 
smaller control forces than would the spoiler system but at low 
speeds much larger values of rolling effectiveness would be 
obtained with the spoiler pilot-aileron system than with the 
spring- tab system for a given value of control force. 

When any appreciable upfloatlng tendency of the ailerons 
exists, the spring- tab aileron configuration in which the .ailerons 
are interconnected would be the most desirable. 

The effect of removing the outboard spoiler segments directly 
in front of the pilot aileron was to increase the control forces 
of the spoiler pilot-aileron control system for a given value of 
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the wing-tip helix angle p"b/2V and to .reduce the maxinnun value 
of ph/27. 


INTRODUCTION 


With the increase in size and speed of airplanes, the 
prohlem of providing adequate control with acceptable control 
forces has become increasingly difficult, particularly in the 
case of lateral controls. Two lateral-control systems that 
have shown promise of providing a satisfactory solution to the 
problem, of lateral control for large ali^lanes are the spring- 
tab aileron and the combination spoiler and guide or pilot aileron. 
The pilot aileron is a short- span aileron located at the wing tip 
and operated in conjunction with .the spoiler. The spring- tab 
type of control system is well established and has been" described 
in numerous papers (for example, reference 1) . The spoiler pilot- 
aileron control system, a comparatively recent development (refer- 
ence 2), employs a circular- arc -type spoiler as the main control 
and a pilot aileron at the wing tip. The pilot aileron is used: 

(l) to provide a means of correcting any overbalance of the system 
resulting from spoiler hlaage moments, (2) to correct the ineffec- 
tiveness of the spoiler at small projections, and (3) to provide 
means of correctl^ any lag which may result from the spoilers. 

Wind-tunnel data are available (references 3 aud k) for 
both types of control system from tests of a partial- span wing 
model of a large bomber- type airplane, and an analysis was made 
to determine the general control-for’ce characteristics of the 
two types of control system. Control forces and the corresponding 
wing- tip helix angles were estimated for a high- speed and low-speed 
attitude of an assumed airplane. Two oonflgurations of the spring- 
tab control system were examined; one with ailerons interconnected 
and a central spring unit and one with ailerons not interconnected 
and separate spring units for each aileron. In addition, for the 
configuration xrtth ailerons interconnected, the geared spring- tab 
as well as the ordinary spring- tab system was' considered. Similarly, 
two configurations of -the spoiler pilot-aileron system were con- 
sidered: one in which the complete spoiler was used and one in 
which the outboard: spoiler segments directly ,ln front of the aileron 
were removed. 
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SYMBOLS 

lift coefficient 

rolling-moment coefficient 

yawing-moment coefficient 

spring-tab aileron hinge-moment coefficient 

pilot-aileron hinge-moment coefficient 

spoiler hinge-jDoment coefficient 

tab hinge -moment coefficient 

angle of attack, degrees 

spring-tab aileron deflection, degrees 

pilot-aileron deflection, degrees 

aileron-hom deflection (measured from position of horn 
when control wheel is neutral), degrees 

tab deflection, degrees 

spoiler deflection (measured from position of spoiler when 
upper surface is tangent to wing surface), degrees 

control- wheel deflection, degrees 

angular difference between deflection of aileron and aileron 
horn, degrees 

wing-tip helix angle, radians 
wing span, ‘feet 
wing chord; feet 

aileron chord behind, hinge line, feet 
ro.lllng velocity, radians per second 
true airspeed, feet per second 


V 
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’a 


sar 


K 

P 

Ha 

Hap 

Hb 

Ht 

I, m, n 


indicated airspeed, miles per hour 
dynamic pressure, pounds per square foot 
aileron control force, pouMs 
spoiler pilot- aileron control force, pounds 
spring-unit constant, pound-feet per degree 9 
spring-unit preload, pound-feet 

spring- tah aileron hinge mcsnent (positive when tending to 
produce a positive aileron deflection), pound-feet 

pilot- aileron hinge moment (positive when tending to 
produce a positive aileron deflection), pound-feet 

spoiler hinge moment (positive when tending to produce 
a positive spoiler deflection), pound'feet 

tah hinge moment (positive when tending to produce a 
positive tah deflection), pound- feet 

dimensions of sprlng-tah system shown in figure 2 


ASSUMED AHJPLME AND FLIGHT CONDITIONS 
Characteristics of Airplane 


The wind-tunnel data wore obtained from tests of a partial- 
span wing model of a large homher-type airplane. The general 
dimensions of the airplane wing are shown in figure 1, The midchord 
wing slots shown in figure 1 for the spring-tah aileron control 
system are open only when the flaps are deflected. .Additional data 
for the airplane not included in figure 1 are as follows; 

Gross wei^t, pounds 

Wing area, square feet 

Wing loading, pounds per square foot .... 

Aspect ratio ....... 

Taper ratio . ............ 

Control-wheel diameter. Inches ....... . 

Ratio of m to n (fig. 2) .... . 

Ratio of 1 to m foi' the geared tah (fig. 2) 


265,000 
4772 
55 .5 
11.1 
0.25 
14 
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Geometric Characteristic 3 of the Two 
Lateral-Control Systems 

Sprlnf;-tah control .system .- hi the analysis of the sprlng- 
tah aileron control system both the geared and tingeared, or 
ordinary, spring- tab systems were considered. The ge^’ed spring 
tab is shown In the schematic diagram of figure 2, A geared 
spring tab will deflect _ae_ the control wheel is deflected althqu(]Ji 
there is no load on the system, but the ordinary spring tab will 
not deflect when no load is on the system. It is evident from 
figure 2 that the ordinary spring-tab system is a special case of 
the geared spring- tab system. When the dimensions I and m are 
equal, the system has no gearing; when 2 > m, the tab is geeired 
in the convenetlonal manner; aiid when 2 < m, the tab '^11 lead 
the aileron. When the spring constant is zero, the system becemes 
a pure servocontrol and no gearing is possible. 

Two principal configurations of the spring-tab control 

syetem were also considered: one with ailerons interconnected 

and a central spring unit (fig. 2(a)) and one with ailerons 
not interconnected and separate spring units for each aileron 
(fig. 2(b)). 

The tab deflection is a function of 0, the angular difference 
between the aileron and aileron-hom deflections, and, for small 
values of 0, is closely approximated by the relationship 


6t = ^ 

^ n 

The maximum tab deflection was limited to ±20°. Although this 
value may be slightly large, the test data did not indicate 
any tendency for the tab to stedl at ±20° deflections . 

The spring-unit constant K Is defined in terms of 0 . By 
so defining K the control forces depend only on the ratios m/n 
and 2/m. 

The mechanical advantage of Idle system was held constant for 
all configurations and is defined as the rate of change of aileron- 

hom deflection with contml-wheel deflection. The mech^ical 

advantage employed in the estimation of the control forces was 
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Spoiler •pllot-alleron control syatem .- The spoiler pilot- 
aileron control system is a direct control system in which the 
spoiler and pilot aileron are linked directly to the control wheel# 
The ailerons operate in the conventional manner but the spoiler 
remains in a neutral position with the positively deflected aileron. 

Two configurations of the spoiler are considered. In the 
first configuration the complete spoiler is jised as shown in 
figure 1, whereas in the second configuration the two outboard 
spoiler segments directly in front of the aileron are removed. 

The operation of the pilot aileron In the wake of the spoiler 
could cause serloiis bttf feting of the alleronj therefore, the effect 
of removing the segments directly in front of the pilot aileron 
on the characteristics of the system is determined. 

The spoiler control forces were estimated for two rates of 
deflection of the pilot aileron . , In one arranganent the pilot- 
aileron deflection varies linearly with the control-wheel deflection, 
and in the second arrangement the pllot-alleron deflection varies 
nonlinear ly as shown in figure 3, 

Ih the estimation of the control forces of the spoiler pilot- 
aileron control system the maximum control-wheel deflection was tl35®, 
and the maximum spoiler and pilot-aileron deflections were -60° 
and +20°, respectively. 

The vent behind the spoiler (fig. 1) ccmslsts of a awAn 
duct (0.01c) extending between ihe upper and lower surfaces of 
the wing and is fixed in an open condition in the wing. It is 
shown in reference 4 that an increase in rolling effectiveness 
can be gained if the vent is not fixed in an open condition but 
remains closed until the spoiler begins to deflect and then opens 
completely. The control forces and helix angles were estimated 
for an arrangement in which the vent was assumed to open Instanta- 
neoiisly as the spoiler began to deflect. Although the vent would 
not open instantaneously in a practical Installation, the rate at 
which it opened would not affect the wing-tip helix angle. 


Flight Conditions 


The control forces and the corresponding wing-tip helix 
angles are determined at two flight attitudes, that is, high- 
speed and landing attitudes. The high-speed attitude is the saano 
for both the spring-tab aileron and the spoiler pllot-alleron 
control systems. The asswned conditions are Cl » 0.555, a » 3-5°, 
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arid. Ti = I98 miles per hour, vhloh corresponds to a dsmamlc 
pressure of 100 pounds per sq.uare foot. 

Inasmuch as partial- span single slotted flaps vere employed 
with the spring- tah aileron control system and full- span double 
slotted flaps were, employed with Idle spoiler pilot-aileron control 
system, the maximum lift coefficient in each case was considerably 
different. The low- speed attitude was chosen as 110 percent of 
minimum speed, and as a result of the difference in maximum lift 
coefficient for the two systems the low- speed conditions are 
slightly different for "the two control systems. The assumed low- 
speed conditions for the spring-tab aileron control system are 
Cj, = 1.85, a = lh.0°, and Vj|^ = I08 miles per hour, which 
corresponds to a dynamic pressure of 30 pounds per square foot. 

The assumed low- speed conditions for the spoiler pilot- aileron 
control system are Ci, fc 2.16, a » 11.0°, and V± = 100 miles 
per hour, which corresponds to a dynamic pressure of 2$ .7 pounds 
per square foot. ' 


ESTIMATION OP CONTROL FORCES AND WING-TIP HELIX ANGUS 


EepresentatiTo plots of the wind-tunnel data from which the 
control forces and wing-tip helix angles were estima.ted are shown 
in figure for the spring- tab aileron and in figure 5 for the 
spoiler pilot-aileron control system. The aileron, tab, and 
spoiler hinge moments are obtained from the hinge-moment coefficients 
by the following eqixations; For the spring-tab aileron. 


Ha = 352qCh^ 


for the tab, 

Ht “ 7*18<iCij.j_ 

for the pilot aileron, , 


% “ 66.15qCh^ 

Hg = 2 th-Y qCjjg 


and for the spoiler, 
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The rolling and yawing moments are obtained from the rolling-moment 
and yawing-moment coofficienta by "the conventional relationships. 

The spring- tab aileron control forces and the corresponding values 
of the wing- tip helix angle pb/27 were determined by the methods 
of reference 5 • The control forces and the wing- tip helix angles 
for the spoiler pilot-aileron control system were determined by a 
method analogous to that desoi’ibed in reference 6, Althou^ the 
corrections to the spoiler hinge moments for the effect of the 
rolling motion of the airplane were determined by the methods 
developed for conventional ailerons (reference 6), the errors 
resulting from the use of this method ■?fero negligible inasmuch as 
the va.riation of the spoiler rolling-momeht and hinge-moment 
coefficients with angle of attach was 'small for the conditions 
of this analysis , 

The values of-dhe helix angle pb/2V for both the spring- 
tab and spoiler pilot-aileron control systems were reduced 
20 percent to account for the effects of yaw and yawing motion 
at low speeds and. wing twist and compressibility at high speeds. 
Experience has shown that the empirical rediic1;ion of the helix 
angle by 20 percent is Justified for aileron controls, A 20-percent 
reduction in the helix angle for spoiler contrble might be considered 
too great since the static yawing moment of the spoilers would be 
favorable (of the same sign as the rolling moment) and would tend 
to reduce the loss in rolling effectiveness caused by the dlhedreil 
effect, Although the static yawing moment is generally favorable, 
it is relatively small at hi^ angles of attack,’ particularly when 
i'uTl-span flaps are deflected. The yawing moment due to- the rolling 
motion of -the airplane, however, is adverse (tending to reduce the 
helix angle pb/2V) and has a considerably larger effect on the 
helix angle than does the static yawing moment resulting from -the 
spoiler. Inasmuch as -the ya-wing moment due to -the airplane rolling 
motion is greater for full-span flaps -than for the partial-span 
flap configurations usually employed with ailerons, it is believed 
that this increase in yawing moment would coxmteract the favorable 
static yawing moment of -the spoilers and that -the empirical reduction 
of the helix angle by 20 percent is Justified for spoiler controls . 

At -the high-speed atti-tude -the helix angle may be slightly under- 
estimated since -the twisting moment caused by spoiler controls is 
usually smaller -than that caused by aileron controls . 



HA.CA TIT ITo. l44l 


9 


COMEOIr^OECE-CEAmC!ITIRISTICS OF THE THO 
lATERM^OOJWllOL SySTEt« 
Spring-!I&t> Control Syet^ 


The oontrol—force oharaoterietlce of the spring-tah . aileron 
are shown in figure 6 for the configiuration in which the ailerons 
are interconnected and in figui’e 7 for the case in -Which the 
ailerons are not in-berconneo-bed. 

Ailerons in-beroonnec-be d.— At low speeds (fig. 6(a)) the 
control forces were greatly reduced as -bhe njagni-bude of the spring— 
unit constant was decreased frcza » to 0. As the spring-unit 
constant is reduced, however, the inaxlmuia tab deflection is 
reached at a smaller deflection of the ailerons, and thvis the 
maximum value of the helix angle at-bained with the spring -bab in 
operation is reduced. 

At hi^ speeds (fig. 6(h)) the ailerons were slightly over- 
halanoed as shown hy the hlnge-mcmient oharaot eristics of figure 4(a), 
The use of the spring tab greatly reduced the amount of over- 
balance j the use of a geared spring tab (the tab geared to lead bhe 
aileron) ccmpletely corrected the overbalance.,, The -bab gearing 
had the disadvantage, however, of increasing the control forces in 
the low-speed attitude over those of the ordinary sprin&--bab 
configuration, Siii table adjustments in. the amount of tab gearing 
and the spring-^unit constant could be used -bo correct balance 
without greatly increasing -t^e control forces at l<?w speeds over 
the values obtained, for the \mgeared spring -bab. 

Ailerons not .interconnected .— When no interconnection is 
provided between the ailerons, the spring xmlts must be preloaded 
to prevent the ailerons from floating up at low speeds. The control 
forces presented in figure 7 were estimated for the case in which 
sufficient preload was employed to prevent any upfloating of the 
ailerons in noamal flight atti-faudes. The cons-bant of each spring 
\mit’ was chosen to be one— ha3i* the value for the central spring 
\mit of the interconnected-aileron ccaifiguratlon (25 lb— ft per deg 0), 

■ As a result of the large amount of preload, the control forces 
are not effectively reduced in either -bhe hl^i-spoed or low— speed 
atti-tudes . Allowing the ailerons to float up a limited amotint wox-ild 
make the spring tab considerably more effective in reducing the 
.control forces. The minimm amount of preload which could be 
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employed woT.ild bo that amount s\iff‘lcient to prevent the ailerons 
frcm floating in either direotion at higli speeds, Hie preload 
would, hovrever, still be too large to penult an effective reduction 
in the control forces by the spring- tab. 

In consideration of the smaller control forces obtained when 
the ailerons are interconnected and also of the disadvantages of 
allowiiig the ailerons to float up when not interconnected, the 
configuration in which the ailerons are inhere omioc ted would be 
the most desirable spring-tab. control arrangement, I\irther 
advantages could be gained by employing a differential linkage 
for both configurations. By means of a differential linkage the 
control, forces might be reduced and the maximm ]ielj.x angle increased. 
The extent to which the control cliaracteri sties can be improved by 
use of the differential linkage is dependent upon tho particular 
characteristics of tho control system. 


Spoiler Pilotr-Aileron Control Systan 

The control— force charaoterlstlos of both configurations of 
the spoiler pilot-aileron contr-ol system are shown in figure 8 for 
the low-speed attitude and in figure 9 for the hlgh-cpeod attitude. 

Complete-spoiler configuration .— Tlie spoi^r pilot-aileron 
control system employing the cample to spoiler is overbalanced in 
both the liigh-speed and low— speed attitudes (figs, 8(a) and 9(a))' 
The overbalanced control forces of the system are the result- of 
the spoiler hinge-manent coefficients which were ovexbalanoed 
through a large range of spoiler deflection. 

By the use of a nonlineEir aileron deflection (fig. 3) bhe 
overbalance of the system was greatly reduced but not con^letely 
corrected, Tlie instantaneous operation of the vent behind the 
spoiler caused an increase in the maximum value of pb/SV of 
about 3 percent at low speeds and about 8 percent at high speeds. 

At high speeds the control forces of the ocmplete spoiler oor.- 
flguration were very large for -bhe higher values of pb/27. The 
maximum values of pb/27 were relatively small although at low 
speeds large values of pb/27 were obtaixxed for small control 
forces. 

Comparing the control— force charaoterietios of the spoiler 
pilot-aileron control system with those of the spring-tab control 
system indicates, in genei’al, that--at high speeds the spring-tab 
aileron will provide slightly greater rolling effeotlvenoss for 
smaller control forces than the spoiler system. In the low-epeed 
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attitvide, however, much larger values of rolling effectiveness were 
obtained with the spoiler pilot-aileron system than -vrtth the spring- 
tab system for a given control force. 

Partial- spoiler configuration .- By the removal of the outboard 
segments of the spoiler (figs. 6(b) and 9(t)) the overbalance of the 
system Tra,s corrected in the high-speed attitude arid was greatly 
reduced at low speeds. The nonlinear deflection of the aileron 
completely corrected the overbalance at low speeds but greatly 
increased the control forces for small control-tJheel deflections in 
the high-speed attitude. The maximum value of pb/27 was decreased 
about 15 percent as a result of removing the outboard spoiler 
segments. In general, the effect of removing the outboard spoiler 
segments was to increase the control force at a given value of the 
wljig-tip helix angle and to reduce the maximum value of pb/27 . The 
increase in' control force when the outboard segments of the spoiler 
were removed is a resvilt of an Increase in the total aileron hinge 
moment . The spoiler segments directly ih front of the aileron have 
a balancing effect on the hinge moment of the upgoing aileron (the 
hinge moments become more negative) . Thus, removing the outboard 
spoiler segnents causes- the up aileron hinge moment to become more 
positive and therefore produces an increase in the total aileron 
hinge moment and, oonseq.uehtly, in the control force . 


CONCLUDING KEMABKS 


An analysis of -vrind- tunnel data for a spring- tab aileron and 
a spoiler pilot-aileron control system -was made to determine the 
control-force characteristics and rolling effectiveness of each 
system. ' 

A compeu’ison of the control-foice characteristics of the 
spring-tub control system and the spoiler pilot-aileron control' 
system indicated, in general, that at hi^ speeds the spring-tab 
aileron would provide sli^tly greater rolling effectiveness for 
smaller control forces than would the spoiler sys-fcem but at low 
speeds much larger values of rolling effectiveness would be 
obtained with the spoiler pilot-aileron system than with the 
spring-tab system for a given value of control force. 

■When any appreciable upfloating tendency of the ailerons 
exists, the spring-tab aileron configuration in which the ailerons 
are interconnected would be the most desirable. 
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The effect of remoyinr; the outboard spoiler Begpiients directly 
in front of - the pilot- aileron was to increase the control forces 
of the spoiler pilot -aileron control systejn for a given value of 
the ivlng-tip helix angle ph/2V and to reduce the maximum value 
of ph/f^V. 


Langley Memorial Aeronautical Laboratory 

National Advisory Ccmmittee for Aeronautics 
Langley Field, Va., July 17^. 19^7 
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(a) Ailerons interconnected , central spring unit. 




(b) Ailerons not interconnected, separate spring units. 


wnow * iw wjm i 
pwnnii m juMmcs 


Rgure 2 ;-Schematic diagram of the two principal configurations of aileron spring- tob systems. 
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Linear deflections 

Nonlinear deflections 



0 20 40 60 80 100 120 140 


Control-wheel deflection (right), 8w , deg 


Figure 3.- The variation of spoiler and pilot-aileron deflection with 
control -wheel deflection assumed for the computation of spoiler 
control forces. 



Spring-tab aileron deflection, Sg, deg 


(a) a = 3.5°; flaps neutral. 

Figure 4.- Representative data of ttie characteristics of the aileron 
and spring tab from which the control-force characteristics were 
estimated. 
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(b) o = 14.0°; partial -span single slotted flaps deflected 40°. 


Figure 4.- Concluded. 


Tab hinge-moment 
coefficient , 0^1 
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(a) a = 3.5°; flaps neutral. 

Figure 5.- Representative data of the characteristics of the complete 
spoiler and pilot aileron from which the control -force character- 
istics were estimated. 


Pilot-aileron hinge-moment Yawing-moment 

coefficient, Ch coefficfent, Cp 

^ D ^ 

Spo 8 er hinge-moment *j_ o Rolling-moment o q 
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Spoiler deflection, 85 , deg 

(b) a = 12.3°; full-span double slotted flaps deflected 50°. 


Figure 5.- Concluded. 




Aileron control force 
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(a) Low -speed attitude, a = 14.0°; = 108 miles per hour. 

Figure 6.- Comparison of the variation of aileron control force with 
wing -tip helix angle for several aileron control systems including 
spring-tab systems having interconnected ailerons and a central 
spring unit. 
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(b) High-speed attitude, a = 3.5°; Vj=198 miles per hour. 


±15° 


Figure 6.- Concluded. 


Aileron control force 
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(a) Low-speed attitude, a = 14.0°; = 108 miles per hour. 



Figure 7. - Comparison of the variation of aileron control force with 
wing -tip helix angle for several aileron control systems including 
a spring -tab system having no interconnection between ailerons. 




Aileron control force 
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(b) High-speed attitude, a = 3.5°; = 198 miles per hour. 

Figure 7. - Concluded. 




XI 




0 


.62 .04 .06 .08 .10 0 .02 

Helix angle , radian 


.04 .06 .08 .10 




(a) Complete spoiler. 


(b) Partial spoiler. 


Figure 8.- Comparison of the variation of spoiler pilot-aileron control force with wing -tip 
helix angle in a low-speed attitude for several spoiler control configurations, a = 11.0°; 
= 100 miles per hour. 
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(a) Complete spoiler. (b) Partial spoiler. 

Figure 9.- Comparison of the variation of spoiler pilot-aileron control force with wing -tip 
helix angle in a hi^-speed attitude for several spoiler control configurations, a = 3.&®; 
= 198 miles per hour. 


NACA TN No. 1441 



